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Abstract
We report here anatomic variants which were found during a retrospective study of a male patient, 54 years old, evaluated 
in computed tomography: heptafurcation of the celiac trunk (CT) and bilateral double renal arteries. The seven branches of 
the heptafurcated CT were the (1) left and (2) right inferior phrenic arteries, the (3) splenic and (4) left gastric artery, the (5) 
common hepatic artery, further sending off the (a) proper, continued as left, hepatic artery and (b) the gastroduodenal artery, 
(6) a replaced right hepatic artery and (7) the dorsal pancreatic artery. To our knowledge, heptafurcation of the CT was not 
reported previously. The arterial variants have great importance during various surgical and interventional procedures and 
should be documented prior to respective procedures.

Keywords  Abdominal aorta · Hepatic artery · Splenic artery · Phrenic artery · Renal artery · Gastric artery, · Pancreatic 
artery

Introduction

The celiac trunk (CT), or celiac artery, is the first ventral, 
thus unpaired, branch of the abdominal aorta, emerging at 
the level of the 12th thoracic vertebra, when the aorta passes 
through its diaphragmatic hiatus. The CT usually trifurcates 
to form the tripus Halleri, which was described by Haller in 
1756 [12]. In this common variant, the CT gives off, but not 
at the same point, the left gastric artery (LGA), the com-
mon hepatic artery (CHA) and the splenic, or lienal, artery 
(SA) [26]. The CHA further sends off the proper hepatic 
artery (PHA) and the gastroduodenal artery (GDA). Vari-
ous classifications (four to eight types) of the CT branching 
patterns were proposed across time in literature [9]. Lipshutz 
(1917), quoted in [9], identified four types of CT variation by 
observing only the main branches of the CT, the CHA, LGA 
and SA [17]. Adachi (1928), also quoted in [9], included 
the superior mesenteric artery (SMA) in his analysis and 
got six types of CT variation resulting from variant trunks: 
hepatogastrosplenic, hepatosplenic, hepatosplenomesenteric, 

celiacomesenteric, hepatomesenteric and gastrosplenic [1]. 
Adachi’s six CT types were further evaluated and detailed by 
Shoumura et al. (1991) [35]. A study of 5002 patients found 
normal anatomy of CT in 89.1% of these, and indicated 15 
possibilities of the celiac axis variation [37]. A 16-type/sub-
type classification of the branching pattern of the CT was 
also proposed (Table 1). Evidence of CT absence was also 
brought [2, 3, 14, 20, 23, 25, 40, 41]. Marco-Clement et al. 
(2016) suggested that different other classifications could 
be simplified by referring the anatomic variation of the CT 
to one of the following types defined by the emergence of 
its main branches: type I or complete, type II or incomplete, 
type III—absent CT, and type IV—celiacomesenteric trunk 
[19].

There are two types of aberrant hepatic arteries, acces-
sory and replaced. The accessory hepatic arteries are supple-
mental arteries which are added to a normal one. Replaced 
arteries substitute a normal one [33]. A replaced hepatic 
artery (rHA) originates so from an artery other than the 
proper hepatic artery [16]. A common variation is that of a 
replaced right hepatic artery (rRHA), which originates the 
superior mesenteric artery (SMA).

Different branching patterns of the CT were sampled with 
volume-rendered three-dimensional images in a pictorial 
review in which was discussed that the a priori knowledge 
of the anatomic possibilities is mandatory in planning sur-
gical and interventional procedures [26], being thus useful 
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for transplantation and general surgeons, as well as vascular 
radiologists [7].

Anatomic variation

The anatomic variants reported here were found during a 
retrospective study of computer tomography scans, in a 
54-year-old male patient. In that patient, an iodine radiocon-
trast agent was injected in the left brachial vein (100 ml, with 
6 ml/s flow), followed by 40 ml saline medium mixed with 
10 ml iodine contrast. A 16-slice scanner was used: 1.2 mm 
collimation and reconstructions of 3 mm thickness with no 
overlap for primary diagnosis; and 1.5 mm thickness with 
50% overlap for multiplanar, MIP and 3D volume rendering 
technique (3D-VRT). The arterial variant was documented 
using the OsiriX Lite software and its 3D Volume Render-
ing application.

Although arterial anatomic variations were suggested on 
MPRs, only on three-dimensional volume renderizations 
they were adequately documented anatomically. Anatomi-
cal variants of the CT as well as of the renal arterial system 
were found (Figs. 1, 2, 3, 4, 5).

The CT appeared as a long, thick and hook-shaped branch 
leaving the abdominal aorta above the SMA (Figs. 1, 2). 
On each side of the proximal half of the CT were inserted 
the thin inferior phrenic arteries, left (LIPA) and right 
(RIPA) (Figs. 1, 4, 6), which were ascending on the sides 
of the aorta at the level of the diaphragmatic pillars. Then, 
immediately before its termination, the CT was sending an 
ascending branch, the LGA (Figs. 1, 2, 3, 4, 6). The distal 

Table 1   A 16-type/subtype 
proposed classification of the 
celiac trunk variants, according 
to Dilli Babu and Khrab (2013) 
[9]

In Bergman’s Comprehensive Encyclopedia of Human Anatomic Variation (2016) “celico” is used instead 
of “celiaco” or “celio” [33]

Type Subtype Description

1 I Normally trifurcated celiac trunk
2 II a Hepatosplenic trunk (HST)
3 b Hepatogastric trunk (HGT)
4 c Gastrosplenic trunk (GST)
5 III Absent celiac trunk
6 IV a Celiacomesenteric trunk (CMT)
7 b Hepatomesenteric trunk (HMT)
8 c Gastromesenteric trunk (GMT)
9 d Splenomesenteric trunk (SMT)
10 e Hepatosplenomesenteric trunk (HSMT)
11 f Gastrosplenomesenteric trunk (GSMT)
12 V Celiacocolic trunk (CCT)
13 VI a Celiophrenic trunk (CPT) with common inferior phrenic artery (CIPA)
14 b Celiophrenic trunk (CPT) with right inferior phrenic artery (RIPA)
15 c Celiophrenic trunk (CPT) with left inferior phrenic artery (LIPA)
16 d Celiophrenic trunk (CPT) with RIPA and LIPA

Fig. 1   Three-dimensional volume rendering of the abdominal aorta 
branches, right antero-inferior view. AA abdominal aorta, CHA com-
mon hepatic artery, CT celiac trunk, D duodenum, DPA dorsal pan-
creatic artery, GDA gastroduodenal artery, IMA inferior mesenteric 
artery, LGA left gastric artery, LIPA left inferior phrenic artery, LRAs 
left renal arteries, P/LHA proper hepatic artery, continued as left 
hepatic artery, RIPA right inferior phrenic artery, RRAs right renal 
arteries, rRHA replaced right hepatic artery (*with an initial retropor-
tal segment), SA splenic artery, SMA superior mesenteric artery
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end of the CT was quadrifurcated (Figs. 1, 2, 4, 5, 6). The 
left branch was the SA. The right branch of the CT was the 
CHA further divided into a proper, continued as left, hepatic 
artery (P/LHA), and the GDA. The P/LHA continued antero-
laterally to the portal vein towards the hepatic hilum (Fig. 4). 
The right inferior branch leaving the CT was an rRHA which 
crossed posteriorly the retropancreatic segment of the portal 
vein (Figs. 1, 4b), then it changed its direction posterior to 
the GDA (Figs. 1, 4d) and ascended on the postero-lateral 
side of the portal vein (Fig. 4e) towards the liver. The 7th 
branch leaving the CT was the dorsal pancreatic artery 
(DPA) (Figs. 1, 2, 3, 4, 5, 6).

On each side two distinctive and distanced renal arteries, 
superior and inferior, were leaving the abdominal aorta to 
enter the respective renal hilum at its superior and, respec-
tively, inferior margins. The superior renal arteries, left and 
right, emerged at almost the same level from the abdomi-
nal aorta. The left inferior renal artery was inserted into 
the abdominal aorta at a superior level, as referred to the 

corresponding right one (Fig. 1). From the aortic segment 
between the origins of the inferior renal arteries, left and 
right, emerged the inferior mesenteric artery (IMA) (Fig. 1).

Discussion

Extremely rare anatomical variations of arteries can be iden-
tified in the current practice [31]; thus an accurate knowl-
edge of these is relevant. As the interventional techniques 
developed, the accurate depiction and definition of the CT 
and its branches are important in planning surgical and inter-
ventional procedures, especially in patients with malignan-
cies [26].

Tandler (1904), quoted in [10, 39], discussed that the 
anterior branches of the abdominal aorta arise from a series 
of primitive arteries subjected to a craniocaudal shift (the 
“caudal wandering” of Evans (1912) and Mall (1981), 
quoted in [24]) along the aorta; due to further processes 
of absorption and diversion the final anatomical pattern 
becomes variable. During their morphogenesis, these primi-
tive segmental arteries constitute the longitudinal anterior 
anastomosis of Tandler ahead of the aorta that will be corre-
lated in adult with the coeliomesenteric and intermesenteric 
anastomoses [32]. However, the embryologic explanation 
of Tandler is not enough to explain the shift of the phrenic 
arteries and DPA to the CT and the resulting heptafurcated 
CT.

Fig. 2   Three-dimensional volume rendering of the celiac trunk and 
superior mesenteric artery, anterior-left view. CHA common hepatic 
artery, CT celiac trunk, DPA dorsal pancreatic artery, GDA gas-
troduodenal artery, LGA left gastric artery, LIPA left inferior phrenic 
artery, P/LHA proper hepatic artery, continued as left hepatic artery, 
RIPA right inferior phrenic artery, rRHA replaced right hepatic artery, 
SA splenic artery, SMA superior mesenteric artery

Fig. 3   Three-dimensional volume rendering of the seven branches of 
the celiac trunk, anterior view (with exclusion of the celiac trunk). 
CHA common hepatic artery, DPA dorsal pancreatic artery, GDA gas-
troduodenal artery, LGA left gastric artery, LIPA left inferior phrenic 
artery, P/LHA proper hepatic artery, continued as left hepatic artery, 
RIPA right inferior phrenic artery, rRHA replaced right hepatic artery, 
SA splenic artery
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Fig. 4   Coronal MPR (a) and inferior-to-superior sequence of axial 
MPRs depicting the origin of the celiac trunk branches. AA abdomi-
nal aorta, CHA common hepatic artery, CT celiac trunk, GDA gas-
troduodenal artery, LGA left gastric artery, LIPA left inferior phrenic 

artery, PV portal vein, RIPA right inferior phrenic artery, rRHA 
replaced right hepatic artery, SA splenic artery, SMA superior mesen-
teric artery

Fig. 5   Coronal (a) and sagittal (b) MPRs validating the origin of the dorsal pancreatic artery from the celiac trunk. AA abdominal aorta, CHA 
common hepatic artery, CT celiac trunk, DPA dorsal pancreatic artery, SA splenic artery, SMA superior mesenteric artery
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Anatomic variants of the CT are consistently reported 
and patterned in the literature [17, 26, 35]. Although the 
heptafurcation of the CT was not reported previously, its 
possible hexafurcation was found twice, as documented in 
“Bergman’s Encyclopaedia of Human Anatomic Variation” 
[33]. Chitra (2010) documented the branching patterns of 
CT in 50 cadavers and found abnormal trifurcation, bifurca-
tion, quadrifurcation, pentafurcation and hexafurcation of it 
[8]. The pattern of hexafurcation in that study included the 
three usual branches of the trunk (LGA, SA and CHA) and, 
additionally, the inferior phrenic, middle colic and duodenal 
branches [8]. Paraskevas and Raikos (2011) found the addi-
tional three branches of the CT being the LIPA, an accessory 
left suprarenal artery and an accessory jejunal artery [28]. 
It appears that the combinations of branches of an exces-
sively branched CT are individual-specific and should not 
be referred to a certain pattern.

Vandamme and Bonte (1985) proposed a simple classifi-
cation of the CT branches, as main (SA, CHA and LGA) and 
collateral branches [39]. They found that the most common 
collateral of the CT was the inferior phrenic artery [39]. 
They also discussed that if a CHA divides into its left and 
right branches medially of the portal vein, the right branch 
runs behind the portal vein, as also does a rRHA arising 
from the SMA [39]. Also the rRHA we found arising as one 
of the seven branches of the heptafurcated CT had an initial 
retroportal course.

Numerous possibilities of variation of hepatic arteries 
are actually reported [31]. Replaced right hepatic arteries, 

were found arising from the superior mesenteric artery in 
106 of 1000 cases [13]. However, in that study, a direct 
origin from the CT of a replaced right hepatic artery, such 
as we found here, was not documented. A CT origin of a 
replaced right hepatic artery was documented by Kishi 
et al. (2010), as quoted in Bergman’s Encyclopaedia of 
Human Anatomic Variation [33]. Kishi et al. (2010) found 
in 3/361 cases a replaced right hepatic artery leaving the 
CT [16], without indicating any of these situations to cor-
respond to a CT heptafurcation, such as we report here.

The dorsal pancreatic artery, or Haller’s Pancreatica 
Suprema, is a derivative of the longitudinal anterior anas-
tomosis of Tandler and it can originate from the hepatic, 
splenic or superior mesenteric arteries, or from the hepato-
splenic junction [10]. A variant dorsal pancreatic artery 
leaving the CT can determine its quadrifurcation, or its 
hexafurcation [33] and, as we found, its heptafurcation. 
The origin of the dorsal pancreatic artery from an acces-
sory right hepatic artery emerging the superior mesenteric 
artery was also reported [33]. Nelson et al. (1988) indi-
cated as possible collateral branches of the CT the inferior 
phrenic arteries, the DPA, the middle colic artery and an 
esophageal artery [24].

Although anatomic variations of the renal arteries are 
common, they are of utmost importance during surgery, 
especially for donor nephrectomies [30]. A hilar renal 
artery enters the renal hilum, while a polar one directly 
penetrates one of the renal poles. Sampaio and Passos 
(1992) evaluated 133 pairs of kidneys and found various 
combinations of hilar and polar renal arteries: one hilar 
artery, one hilar + one superior polar arteries, two hilar 
arteries, three hilar arteries, or just polar arteries, supe-
rior or inferior [34]. We found here bilaterally two hilar 
arteries, a type previously found by Sampaio and Passos 
(1992) in 7.9% of 266 kidneys. However, anatomical vari-
ation of the number of the hilar renal arteries was found 
ranging from one to six [4, 11, 15, 18, 21, 22, 29, 36, 
38]. For double hilar renal arteries Khamanarong et al. 
(2004) reported a prevalence of 7.5% [15] but a recent 
study found this variant in 18.6% in a cadaveric study but 
in 12.3% in a computed tomographic study [6]. Also dif-
ferent patterns of the course of double renal arteries were 
described, parallel, divergent, convergent and crossed [5], 
the first type corresponding to the renal arteries variation 
in the present case. Therefore, the anatomic variation of 
renal arteries is rather a common feature, as also Özkan 
et al. (2006) observed [27], and not an exceptional one.

In conclusion, beyond their great importance during vari-
ous surgical procedures and the mandatory preoperative 
documentation of the individuals’ specific arterial variants, 
it should not be ignored that finding variants of a certain 
vascular bed/axis should not exclude supplemental varia-
tions in the same individual, but in different vascular beds.

Fig. 6   Drawing of the celiac trunk (CT) heptafurcation. CHA com-
mon hepatic artery, DPA dorsal pancreatic artery, GDA gastroduode-
nal artery, LGA left gastric artery, LIPA left inferior phrenic artery, 
P/LHA proper hepatic artery, continued as left hepatic artery, RIPA 
right inferior phrenic artery, rRHA replaced right hepatic artery, SA 
splenic artery
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